, in France, showed by means of silver stains that treponemes that were apparently T. pallidum could be found in the lymph nodes and cerebrospinal fluid (CSF) of patients after treatment of late syphilis. One of these patients was a tabetic who had received over 150 million units of penicillin. These workers infected rabbits experimentally by transferring lymph node material from three patients. They also found treponemes in the lymph nodes of rabbits treated 2 years after experimental infection with syphilis. In both human and animal cases immobilizing antibody was still present. Results of further inoculations of rabbits suggested that the 'persistent treponemes' had partially or completely lost their virulence. It may well be relevant to the infection in man that active syphilitic lesions were precipitated in some treated rabbits by the administration of cortisone.
After using darkfield microscopy, fluorescent antibody techniques, and, in a few cases, after transfer of material to experimental animals or silver staining, workers in the United States of America, Italy, and Great Britain, have recently reported the presence of treponemes in material from patients suffering from late syphilis; these patients included some with negative results to serological tests for syphilis but definite signs of that disease, and others in whom the signs suggested the presence of tre-treponemal immobilization test (TPI) had given persistently positive results (Collart and others, 1962a, b, c, 1964; Yobs and others, 1964, 1968) , and also from a patient in whose case the fluorescent treponemal antibody-absorption test (FTA-ABS) gave a positive result (Smith and others, 1968) . The step of establishing treponemal infection experimentally in animals by the use of material from a patient suffering from late syphilis but with negative results to serological tests, including the TPI and FTA-ABS, was taken by Smith and Israel (1968) : they inoculated aqueous humour from a tabetic into one squirrel monkey and CSF into another; lesions in which the presence of treponemes was reported developed in both animals. Wilkinson (1968) stated that forms resembling treponemes might be artefacts such as glass spirals or filaments. Montenegro, Nicol, and Smith (1969) reviewed the work of their group and reported that some of the findings, previously reported as treponemes, were artefacts although others were apparently treponemes.
Because of the limitations of morphological methods of diagnosis, forms that were considered to be morphologically typical of T. pallidum are reported as 'treponeme-like forms' in the present study.
Patients studied
This paper reports the results of darkfield microscopy and of fluorescent antibody techniques for the demonstration of treponemes in CSF, aqueous humour, and subretinal fluid obtained from a total of 42 patients, forty of whom were found to have definite evidence of treponemal infection. Of these patients, 21 attended the Whitechapel Clinic of The London Hospital where definite treponemal infection was diagnosed in all cases on grounds other than persistence of treponemes. In eighteen a diagnosis of acquired infection had been made (eight cases of neurosyphilis, two of treated primary syphilis, eight of late latent treponemal disease); in three cases long-standing congenital syphilis had been diagnosed. A further 21 patients attended Moorfields Eye Hospital because of ocular disease; of these, nineteen had definite evidence of treponemal infection: thus ten had either interstitial keratitis or the typical scarring that results from that disease, eight had anterior or posterior uveitis and positive results to serological tests for syphilis, and one presented because of a retinal tear and was also found to be sero-positive. The other two patients had choroidoretinal changes suggestive of syphilitic infection; repeated serological tests for syphilis in one case gave uniformly negative results and in the other case there was a history of treatment for syphilis but the TPI and FTA-ABS gave negative or 'doubtful' results. Only in these two cases did the diagnosis rest partly on the finding of treponeme-like forms.
In addition, in order to provide 'control' cases, aqueous humour from four patients suffering from diseases other than syphilis was examined, no treponeme was found (Rice and others, 1968; Dunlop and others, 1968 The clinical procedure used for obtaining aqueous humour has already been described (Jones, Patterson, and Rice, 1968) . Subretinal fluid was obtained during operation for retinal detachment. The methods used initially for the preparation and examination of specimens for treponemes have been reported (Wilkinson, 1968) . CSF, aqueous humour, and subretinal fluid were examined by immunofluorescence microscopy. In addition CSF and subretinal fluid were examined, within 30 minutes of obtaining specimens, by means of darkfield microscopy using visible light. Fluorescent-antibody (FA) Both aqueous humour and CSF were obtained from sixteen patients (Table III) ; treponeme-like forms were found in aqueous humour from ten and in CSF from three. In one case (Case 4, Mr. IT), however, the results of subsequent tests were reported as positive for CSF, and negative for aqueous humour. In Case 19, in which the result of the test of aqueous was reported as 'doubtful', that of CSF was reported as positive. The patient was treated with procaine penicillin with 2 per cent. aluminium monostearate, 600,000 units by intramuscular injection, daily for 17 days (total 10-2 mega units). 7 months after treatment the condition of the right pupil was unchanged. However, the reaction to light of the left pupil, that had previously been normal, was diminished, the near reflex remained brisk. Treponeme-like forms were again found in CSF by means of darkfield microscopy, the cell count had fallen to 8/c.mm., and the protein to 30 mg./100 ml., CWR and FTA-ABS positive, VDRL weakly positive, Lange curve normal.
BLOOD CWR and RPCFT positive, VDRL positive (1 in 8 Both these patients had been treated with local corticosteroid. There was no clinical evidence of yaws but, as they came from an area in which that disease has been endemic, it is possible that the organisms found were treponemes of yaws. Treponeme-like forms that stained with FA stain and others that did not were present in Case 5 as in some others.
Case 19, a British man aged 56 suffering from progressive loss of vision due to disseminated choroidoretinitis, showed no other sign suggestive of syphilis. He had a past history of gonorrhoea as a young man.
BLOOD All serological tests were repeatedly negative. CSF Normal except for one treponeme-like form found by means of FA staining; a 'doubtful' form was found in aqueous humour by means of FA staining. This patient had received systemic treatment with corticosteroids.
Case 10, a British woman aged 51, presented because of closed-angle glaucoma. She was suffering from congenital syphilis, with classical scarring from previous interstitial keratitis, and from deafness and vertigo. She had received local treatment with corticosteroid.
BLOOD CWR, FTA-ABS, TPI positive, VDRL positive with neat serum, RPCFT negative.
CSF Normal. Treponeme-like forms were found in aqueous humour by means of FA staining.
Treated patients 21 patients had been treated previously for treponemal infection. Treponeme-like forms were found in material from seven and a 'doubtful' form in one other (Table IV) She had been treated at the age of 15 with malaria and at the age of 27 with procaine penicillin 900,000 units by intramuscular injection daily for 10 days (total nine mega units).
That treponeme-like forms can be found after the treatment of early syphilis, even in the presence of negative tests for anti-treponemal antibodies, is shown by the case of an additional patient (Case 44) tested after this present series had been completed.
A 43-year-old Indian man was treated for darkfieldpositive sero-negative primary syphilis with 2-4 mega units benzathine penicillin by intramuscular injectior. 7 months later he was treated for darkfield-positive sero-positive primary syphilis with procaine penicillin with 2 per cent. aluminium monostearate, 600,000 units by intramuscular injection, daily for 10 days (total six mega units). 15 (Dunlop and others, 1968; Rice and others, 1968) .
Case 19, a British man aged 56 with increasing loss of vision due to choroido-retinitis. There was no other clinical or historical evidence of syphilis, but he gave a history of having had gonorrhoea when a young man. All serological tests repeatedly gave negative results. Microscopy after FA staining showed a treponeme-like form in CSF, but all other tests of CSF gave normal results. A 'doubtful' non-staining form was found in aqueous humour.
In Case 4 as noted above (the 27-year-old Caribbean (Mr IT) suffering from active iritis), the FTA-ABS was the only serological test that gave a positive result (Dunlop and others, 1968 Case 2, Mrs MU, a 68-year-old British woman suffering from congenital syphilis (Dunlop and others, 1968) , had received only eight intravenous injections at the age of 20 years. At the age of 68 she was found to have scarring from previous interstitial keratitis, choroido-retinal scarring, and active anterior uveitis. Treponeme-like forms were found in aqueous humour by microscopy after FA staining, but all serological tests gave negative results, except the VDRL which was positive with neat serum. The persistence of 'reagin' in the absence of anti-treponemal antibody in the case of this patient with undoubted long-standing syphilis could be described as a 'pseudo biological false-positive reaction'.
All these patients who had presented because of inflammatory disease of the eye had received corticosteroids locally, systemically or by both routes; but none had been given in the case of the 43-year-old Indian man (Case 44) referred to above, in which 15 months after 'adequate' fully-recorded treatment of sero-positive primary syphilis, treponeme-like forms were found in otherwise normal CSF, although by then serological tests for syphilis all gave negative results.
Discussion
Treponemes are identified in fixed preparations by their morphological appearances as seen by microscopy using darkfield illumination or after staining with silver or with 'specific' immunofluorescence stains. They are also identified by their characteristic motility in wet darkfield preparations and by the experimental infection of animals.
Identification on morphological grounds alone may be fallacious. Wilkinson (1968) and Montenegro and others (1969) have reported that artefacts and filaments may closely resemble treponemes, so that it is conceivable that they may even be indistinguishable from treponemes.
In this study, organisms were identified on the grounds of morphological appearance and ability to combine, in an immunofluorescence test, with syphilitic serum from which group antitreponemal antibody had been removed by absorption with the Reiter treponeme. Whether this absorption is adequate to abolish reactivity of such a serum with all treponemes except T. pallidum and the closely allied T. pertenue, the cause of yaws, is not yet known. Reactivity with T. pertenue was shown during this study: material was examined that had been obtained by aspiration of a lymph node of an 8-year-old Caribbean girl (Case 43), suffering from late secondary yaws, who had left St. Vincent 6 months earlier; treponemes were not seen on darkfield microscopy, but after direct FA staining both non-fluorescent and fluorescent treponeme-like forms were seen.
Examination of the wet centrifuged deposit of CSF by darkfield microscopy showed six treponemelike forms in six cases, in three of which the forms exhibited sluggish movement. This motility could be distinguished from the effect of Brownian movement, but wjs not as active as that of T. pallidum when freshly obtained from lesions of infectious syphilis. Examination of aqueous humour by this method was not attempted because of the small amount ofmaterial available.
The possibility must be investigated that treponemes other than T. pallidum, pathogenic or nonpathogenic, may become disseminated through the body and persist. The detection of treponeme-like forms in material from patients coming from areas in which yaws was endemic raised the possibility that the treponeme of yaws might persist for long periods in the tissues and might even be a cause of disease attributed to late syphilis.
Tests of the infectivity for animals of the treponemes seen in this study were not undertaken, so that conclusive proof that they were T. pallidum is lacking.
This study confirms that treponeme-like forms can be found in some cases of patients with longstanding treponemal infection, both untreated and after what is currently regarded as adequate treatment, and even in sero-negative cases. It has long been suspected that treponemes may be more difficult to eradicate in cases of late than of early syphilis. Nevertheless, Boncinelli and others (1966) reported finding treponemes by silver-staining of material obtained by lymph node puncture in one of eight cases of recently treated early syphilis and in four of eight cases of treated TPI-positive syphilis. The patient with treated early syphilis had received 15 mega units of penicillin in 15 days, finishing only 10 days before the test, so it is possible that the organisms found were dead. In the present study, treponeme-like forms were found in CSF from a patient 15 months after he had received fullyrecorded treatment for primary syphilis that was successful as judged by clinical and serological results. If these and the other treponeme-like forms found in this study were T. pallidum, it is possible that their virulence was attenuated, as has been suggested for 'persistent' treponemes found by other workers.
In cases of syphilis, tests for treponemes directly detect the agent of disease, w-hereas serological tests for treponemal infection detect only responses by the body to infection, and these may be deficient or absent. When the results of serological tests are positive they do not necessarily indicate that the infection is active or that a particular lesion is due to syphilis. The finding of treponemes in material from the affected area, as in the aqueous humour in a case of iritis, would make it likely that the organisms were the cause of the local disease; nevertheless, it would still be possible that the iritis was due to some other coincidental cause and all the findings in each case must be considered together. The 
